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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an apparatus 
for controlling a rotational phase, and in particular to an 
apparatus for controlling a rotational phase which may 
be used to control a valve timing of an automotive en- 
gine. 

Description of the Related Art 

[0002] Conventionally, an apparatus for controlling a 
rotational phase of an output member with respect to an 
input member is, for example, used to control a valve 
timing of an automotive engine. The engine is provided 
with a valve driving mechanism in which an engine ro- 
tation is transmitted through a transmitting means by a 
crankshaft to a camshaft and intake valves and exhaust 
valves are driven by the camshaft so as to open or close, 
in this case, a rotational phase control apparatus is in- 
stalled between an input member or a cam pulley con- 
nected with a crankshaft and an output member or the 
camshaft. 

[0003] Such rotational phase control apparatus is, for 
example, disclosed in Japanese patent unexamined 
publication No. 4-232312. The apparatus in this patent 
publication is provided with a planetary gear mechanism 
between a camshaft and a cam pulley. The planetary 
gear mechanism is provided with a sun gear, planet 
gears supported by a planetary carrier, and a ring gear. 
The ring gear is connected with the cam pulley, and the 
planet carrier is connected with the camshaft. Further, 
the sun gear is connected with a sleeve at whose rear 
end a driving force receiving gear is installed. On the 
other hand, an engine body is provided with a step motor 
and the shaft of the step motor is provided with a worm 
thereon to mesh with the driving force receiving gear. 
[0004] In the above-mentioned apparatus, when the 
sun gear is stopped, the camshaft rotates with a con- 
stant speed reducing ratio with respect to the cam pul- 
ley. When the sun gear is driven through the worm or 
the like by the step motor, the phase of the camshaft is 
shifted. 

[0005] in the conventional apparatus mentioned 
above, the planetary gear mechanism is installed on the 
end of the camshaft, and the motor is located such that 
the shaft of the motor extends vertically to the camshaft. 
The worm provided on the motor shaft is meshed with 
a relatively large gear which is provided on the rear end 
of the sleeve connected with the sun gear of the plane- 
tary gear mechanism. Therefore, some problems exist 
in the conventional apparatus. Namely, it is complicated 
to install the motor and the like. Further, since a space 
for the installment of the step motor, the worm and the 
like is necessary in the side portions of the camshaft, it 



is difficult for the driving mechanism of the valves includ- 
ing the rotational phase control apparatus to be down- 
sized. 

5 SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention 
to provide an apparatus for controlling a rotational phase 
in which a phase shift drive means and the like can be 

1Q easily installed. 

[0007] It is another object of the present invention to 
provide an apparatus for controlling a rotational phase 
in which a planetary gear mechanism and a phase shift 
drive means having a part connected with the planetary 

15 gear mechanism can be integrally installed within a 
compact space with respect to input and output mem- 
bers. 

[0008] The above object is achieved according to the 
present invention by providing an apparatus for control- 

20 ling a rotational phase comprising, an input member pro- 
vided so as to be rotatable with respect to a fixed side, 
an output member co-axially provided with the input 
member so as to be rotatable with respect to the fixed 
side, a planetary gear mechanism co-axially provided 

25 with the input member and the output member for con- 
necting the input member with the output member, the 
planetary gear mechanism including three elements 
which are a sun gear, a planetary carrier supporting 
planetary gears and a ring gear, drive means connected 

30 with one of the three elements of the planetary gear 
mechanism for shifting a rotation phase, the drive 
means including two members which are rotatable with 
respect to each other, one of the input member and the 
output member being connected with the ring gear, the 

35 other of the input member and the output member being 
connected with the planetary carrier, and the two mem- 
bers of the drive means being co-axially provided with 
the planetary gear mechanism, one of the two members 
being secured to the fixed side and the other another of 

4 o the two members being connected with the sun gear. 
[0009] According to the present invention, when the 
sun gear of the planetary gear mechanism is stopped, 
the output member rotates with a constant speed ratio 
corresponding to the rotation of the input member. On 

45 the other hand, when the sun gear is driven by the drive 
means so as to be rotated, the speed ratio of the ring 
gear to the planetary carrier is changed so as to shift the 
rotational phase in comparison with the condition in 
which the sun gear is stopped. 

50 [0010] Thus, the rotational phase control can be car- 
ried out Further, since the planetary gear mechanism 
and the drive means are co-axially provided with the in- 
put member and the output member, the apparatus can 
be downsized and thus easily installed. 

55 [0011] In a preferred embodiment of the present in- 
vention, the other member of the drive means is a rotor, 
and the apparatus further comprises speed reducing 
means provided between the rotor and the sun gear of 
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the planetary gear mechanism, the rotor, sun gear and 
speed reducing means being all co-axial ly provided. 
[0012] When the speed reducing means is thus pro- 
vided, the rotation speed of the rotor of the drive means 
is reduced and transmitted to the sun gear and therefore s 
the driving torque of the drive means is decreased and 
the phase control operation can be carried out with ac- 
curacy. 

[0013] In another preferred embodiment of the 
present invention, the speed reducing means is mova- 
ble in an axial direction and includes a slide member 
which Is provided so as to penetrate into the center of 
the rotor, the slide member and a corresponding portion 
of the rotor are respectively provided with feeding 
threads for converting a rotation of the rotor into an axial 
movement of the slide member, the sun gear is attached 
to the slide member and includes a helical gear for con- 
verting the axial movement into a rotation, and the feed- 
ing threads and the helical gear respectively have lead 
angles such that a speed of the rotor is reduced and 
transmitted to the planetary gear mechanism. 
[0014] In the embodiment in which the speed reduc- 
ing means is provided, the lead angles of the feeding 
threads are preferably provided to be smaller than that 
of the helical gear and also provided to be equal to or 
less than lead angles at which a rotation force, corre- 
sponding to a thrust force, and a friction force are bal- 
anced. According to the above embodiment, since the 
lead angles of the feeding threads are smaller than that 
of the helical gear, the speed of the rotor is reduced and 
transmitted to the planetary gear mechanism. Further, 
when the drive means is stopped, the rotor can be main- 
tained to be stopped against the reaction force from the 
output member by the friction force of the feeding 
threads. 

[0015] In still another preferred embodiment of the 
present invention, the apparatus further comprises a 
secondary planetary gear mechanism provided be- 
tween the planetary gear mechanism and the drive 
means for reducing the speed of the rotor of the drive 
means and transmitting the reduced speed to the sun 
gear of the planetary gear mechanism. 
[0016] In another preferred embodiment of the 
present invention, the apparatus further comprises 
clutch means for switching between a first condition and 
a second condition, the first condition being that the two 
members of the drive means are allowed to be rotatable 
with respect to each other and the second condition be- 
ing that the two members of the drive means are not 
allowed to be rotatable with respect to each other, the 
clutch means being operated such that the two mem- 
bers of the drive means are in the second condition 
when the drive means is stopped. 
[0017] In still another preferred embodiment of the 
present invention, the apparatus may be used to control 
the valve timing of the valve drive mechanism of the en- 
gine. In this embodiment, the input member is a pulley 
connected through a transmitting member with a crank- 



shaft of an engine, the output member is a camshaft for 
driving valves, the pulley and the camshaft are co-axially 
provided to be rotatable with respect to the fixed side 
which is an engine body, and the one of the two mem- 
bers of the drive means is secured to the engine body. 
(001 8] According to the above embodiment, the valve 
timing can be changed by the rotational phase of the 
camshaft being shifted. Further, the rotational phase 
control apparatus can be installed within a small space 
at the end of the camshaft. Since the one member of the 
drive means is secured to the engine body, the part of 
the weight of the drive means and the like, which are to 
be installed to the end at the camshaft, is supported by 
the engine body. As a result, a large load is not applied 
to the camshaft, and the camshaft therefore can be op- 
erated smoothly. 

[0019] In the embodiment in which the apparatus is 
used in the valve drive mechanism of the engine, the 
pulley is preferably connected with the ring gear of the 
planetary gear mechanism, and the camshaft is prefer- 
ably connected with the planetary gears of the planetary 
gear mechanism. 

[0020] In the valve drive mechanism of the engine, the 
camshaft needs to be provided so as to be rotated with 
a constant speed reducing ratio weth respect to the 
crankshaft. In the above embodiment, the speed is 
therefore reduced between the pulley and the camshaft. 
Accordingly, the speed reducing ratio of the crankshaft 
to the pulley can be small and the diameter of the pulley 
therefore can be small. 

[0021] In still another preferred embodiment of the 
present invention, the drive means is an electric motor, 
and the two members of the drive means are a stator 
with coils for generating a magnetic field and a rotor with 
a permanent magnet, the stator being secured to the 
fixed side. 

[0022] in the above embodiment, the rotational phase 
of the output member is controlled by the electric motor. 
[0023] In the embodiment, the electric motor is pref- 
erably a step motor whose rotor is connected through 
the speed reducing means with the sun gear of the plan- 
etary gear mechanism. In this case, the phase shift an- 
gle of the output member can be small so as to corre- 
spond to the one step of the step motor, and the reso- 
lution can be improved. The step motor of the present 
invention is defined as a motor, which is operated step- 
wise, including a step motor, a DC brushless motor and 
the like. 

[0024] In another preferred embodiment of the 
present invention, the drive means is a hydraulic motor, 
and the two members of the drive means are a casing 
member which has a hydraulic chamber therein and a 
rotor located in the casing member. 
[0025] The above and other objects and features of 
the present invention will be apparent from the following 
description by taking reference with accompanying 
drawings employed for preferred embodiments of the 
present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] In the accompanying drawings: 

Figure 1 is a schematic view of an apparatus for 
controlling a rotational phase according to a first 
embodiment of the present invention; 
Figure 2 is a schematic view of a planetary gear 
mechanism of the apparatus for controlling a rota- 
tional phase; 

Figure 3 is a sectional view of the apparatus for con- 
trolling a rotational phase according to the first em- 
bodiment; 

Figure 4 is a front view of an electric motor which is 
drive means for shifting a rotational phase; 
Figure 5 is a view showing the feeding thread of a 
slide member, which is speed reducing means, the 
lead angle of a sun gear and the like; 
Figure 6 is a view showing a rotation force, corre- 
sponding to a thrust force, and a friction force both 
of which are applied to the thread of the slide mem- 
ben 

Figure 7 is a schematic view of an apparatus for 
controlling a rotational phase according to a second 
embodiment of the present invention; 
Figure 8 is a schematic view of a planetary gear 
mechanism of the apparatus for controlling a rota- 
tional phase in Figure 7; 

Figure 9 is a sectional view of an apparatus for con- 
trolling a rotational phase according to a third em- 
bodiment of the present invention; 
Figure 10 is a partially enlarged sectional view of 
the apparatus for controlling a rotational phase in 
Figure 9; 

Figure 11 is a view showing a planetary gear mech- 
anism in the third embodiment of the present inven- 
tion; 

Figure 12 is a front view of an electric motor; 
Figure 13 is a view showing the feeding thread of a 
slide member and the lead angle of a sun gear in 
the third embodiment of the present invention; 
Figure 14 is a sectional view of an apparatus for 
controlling a rotational phase according to a fourth 
embodiment of the present invention; 
Figure 15 is a view showing the feeding thread of a 
slide member and the lead angle of a sun gear in 
case where an apparatus for controlling a rotational 
phase is applied to an exhaust side of an DOHC 
engine according to a fifth embodiment of the 
present invention; 

Figure 16 is a view showing an example of a valve 
timing of an intake valve and an exhaust valve; and 
Figure 17 is a partially enlarged sectional view of 
an apparatus for controlling a rotational phase ac- 
cording to a sixth embodiment of the present inven- 
tion. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Hereinafter, the preferred embodiments of the 
5 present invention will be explained with reference to the 
drawings. 

[0028] First, a first embodiment of the present inven- 
tion will be explained with reference to Figures 1-6. 
[0029] Figure 1 is a schematic view of an apparatus 

10 for controlling a rotational phase according to a first em- 
bodiment of the present invention. In the embodiment 
shown in Figure 1, the apparatus for controlling a rota- 
tional phase is applied to a variable valve timing appa- 
ratus which is installed into a valve drive mechanism of 

is an automotive engine. A reference numeral 1 desig- 
nates a camshaft which is rotatably supported by an en- 
gine body (not shown) and operates intake and exhaust 
valves 2 to open and close them. A cam pulley 3 which 
is a timing pulley or a pulley with teeth is located around 

20 the end of the camshaft 1 and connected through a tim- 
ing belt 6 with a crank pulley 5 attached on the end of a 
crankshaft 4. In this embodiment, the camshaft 1 corre- 
sponds to an output member and the cam pulley 3 cor- 
responds to an input member 

25 [0030] A planetary gear mechanism 10 and an electric 
motor 20 which is a phase shift drive means are installed 
on the end of the camshaft 1 co-axially with both the 
camshaft 1 and the cam pulley 3. 
[0031] Referring to Figure 2, the planetary gear mech- 

30 anism 10 includes a sun gear 11, a planetary carrier 12 
(herein after called a carrier) supporting a plurality of 
planetary gears 13, and a ring gear 14. These three 
components, the sun gear 1 1 , the carrier 12 and the ring 
gear 1 4 are rotatably co-axially arranged with respect to 

35 each other. The cam pulley 3 is connected with the ring 
gear 14, and the carrier 12 is secured to the end of the 
camshaft 1 . 

[0032] The electric motor 20 includes a stator 21 and 
a rotor 23. The stator 21 is fixed to the engine body, and 

40 the rotor 23 is connected through a speed reducing 
mechanism with a sun gear 11 of the planetary gear 
mechanism 10. In the embodiment, the speed reducing 
mechanism includes a slide member 30 which is mov- 
able along the axial direction, and the sun gear 11 is 

45 connected with the slide member 30. As explained here- 
inafter in detail, the rotation of the rotor 23 is converted 
into the movement of the slide member 30 in the axial 
direction by feeding threads 31 and 32 which are pro- 
vided on the rotor 23 and the slide member 30. There- 

50 after, the axial direction movement of the slide member 
30 is converted into the rotation and transmitted to the 
planetary gear mechanism 1 0 by a helical gear provided 
on the sun gear 11. 

[0033] The rotational phase control apparatus will be 
55 explained in detail with reference to Figures 3 and 4. 
The carrier 12 of the planetary gear mechanism 10 is 
integrally provided with a rear wall 1 2a, which is formed 
so as to fit onto the front end of the camshaft 1 , a plurality 
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of boss portions 12b on the circumference thereof, and 
a sleeve 12c which is formed on the inner circumference 
of the rear wall 12a and extends toward the front side. 
A through hole 12d is formed in the rear wall 12a and 
the sleeve 12c. A threaded shaft body 15 penetrates into 
the through hole 12d and a front thread portion 15a of 
the shaft body 1 5 is threadly engaged with a thread hole 
16 formed in the camshaft 1. Thus, the shaft body 15 
together with the carrier 12 Is secured to the camshaft 
1. The boss portions 12b of the carrier 12 support the 
planetary gears 13 so as to be rotatabte. 
[0034] The ring gear 14 and the cam pulley 3 are in- 
tegrally connected each other, and an inner cylindrical 
portion 17a supported by the camshaft 1 is further inte- 
grally connected with the ring gear 14 and the cam pul- 
ley 3. Namely, a cylindrical member 17 having a prede- 
termined diameter is provided with the cam pulley 3 
formed on the outer circumference thereof, the ring gear 
14 formed on the front side inner circumference thereof 
and the Inner cylindrical portion 1 7a having a connecting 
wall 17b. The inner cylindrical portion 17a of the cylin- 
drical member 17 is supported through a bearing 18 by 
both the camshaft 1 and the carrier 12 fixed to the cam- 
shaft 1. 

[0035] The electric motor 20 is for example a step mo- 
tor including a stator 22 on which stator coils for gener- 
ating a magnetic field are wound and a rotor 23 having 
permanent magnets 24. The stator 22 is attached into 
a ring-shaped casing 25, and a bracket 26 formed inte- 
grally with the casing 25 is secured to the engine body. 
[0036] The rotor 23 is installed in an inner side of the 
stator 21. The shaft body 15 and the sleeve 12c pene- 
trate into the center of the rotor 23 and the front ends of 
both the shaft body 1 5 and the sleeve 1 2c are supported 
through a bearing 27 by the casing 25. 
[0037] A cylindrical guide member 35 is arranged on 
the outer circumference of the sleeve 12c, and a cylin- 
drical slide member 30 is arranged on the outer circum- 
ference of the guide member 35. The guide member 35 
is secured to the casing 25 and thus is fixed to the engine 
body. Splines 36 or serrations are correspondingly 
formed in an axial direction on the outer circumference 
of the guide member 35 and the inner circumference of 
the slide member 30. By the engagement of the splines 
36 of both members 30 and 35, the slide member 30 
can move in the axial direction under the condition that 
its rotation is prohibited. 

[0038] The front portion of the slide member 30 is lo- 
cated in the center of the electric motor 20, and a feeding 
thread 31 like a helical spline is formed on the outer cir- 
cumference of the front portion of the slide member 30. 
The rotor 23 is provided with a thread 32 formed on the 
inner circumference thereof. The thread 32 of the rotor 
23 is meshed with the feeding thread 31 of the slide 
member 30. On the other hand, the rear portion of the 
slide member 30 is located in the center of the planetary 
gear mechanism 10, and the sun gear 11 is formed in- 
tegrally on the outer circumference of the rear portion of 



the slide member 30. The sun gear 11, the respective 
planetary gears 13 meshed with the sun gear 11 and the 
ring gear 14 meshed with the planetary gears 13 are all 
helical gears. 

5 [0039] The lead angle of the feeding thread 31 is pro- 
vided to be smaller than that of the helical gear of the 
sun gear 11 such that the rotation of the rotor 23 is re- 
duced and transmitted to the planetary gear mechanism 
10. Further, the lead angle of the feeding thread 31 is 

10 provided to be so small to maintain the stopping condi- 
tion of the rotor 23 against a thrust force applied from 
the camshaft side to the slide member 30 when the mo- 
tor 20 is not driven to be stopped. The details of the 
structures of the slide member 30 and the like will be 

*s explained below. 

[0040] The electric motor 20 is controlled by a control 
unit 40 which is shown in Figure 1. Namely, rotational 
phases of the camshaft 1 are determined in advance 
such that optimal valve timings can be obtained accord- 

20 ing to the driving conditions. The control unit 40 controls 
the current applied to the stator coil 22 of the motor 20 
such that the rotational phase of the camshaft 1 is shift- 
ed according to the driving conditions. 
[0041] In the case that the electric motor 20 is a step 

25 motor, a phase shifting amount is converted into a step 
number and the motor is controlled by an open control 
operation. Further, there are provided a crank angle 
sensor 41 for detecting a crank angle of the engine and 
a cam angle sensor 42 for detecting a cam angle. The 

30 position of the rotor is calculated based on the phase 
difference from the output signals of the sensors 41 and 
42. When the position of the rotor is different from that 
which is obtained based on the step number, because 
of loss of synchronism of the step motor and the like, a 

35 location correction operation or a fail operation may be 
earned out. 

[0042] In operation, during a non-phase-shifting op- 
eration, the electric motor 20 is stopped and the sun 
gear 11 of the planetary gear mechanism 10 is fixed. As 

40 a result, the cam pulley 3 connected with the ring gear 
14 and the camshaft 1 connected with the carrier 12 are 
respectively rotated with a speed ratio which is deter- 
mined by the numbers of the teeth of the sun gear 11 
and the ring gear 14. Further, a pulley ratio of the crank 

45 pulley 5 and the cam pulley 3 is predetermined taking 
into consideration of the speed ratio. Thus, when the en- 
gine is a four cycle one, the camshaft 1 rotates with a 
1/2 speed ratio against the crank shaft 4. 
[0043] During a phase-shifting operation, the rotor 23 

50 of the electric motor 20 is rotated, the rotation of the rotor 
23 is converted into the axial direction movement of the 
slide member 30 and the sun gear 11 by the feeding 
threads 31 and 32. Then, the axial direction movement 
of the member 30 and the gear 11 is converted into the 

55 rotation force by the helical gears including the sun gear 
11 and the like such that the rotation force is applied 
from the sun gear 1 1 to the planetary gears 1 3. Accord- 
ingly, the speed ratio between the ring gear 14 and the 
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carrier 12 is changed in comparison with the condition 
of the sun gear 11 being fixed, and, as a result, the ro- 
tational phase of the camshaft 1 is shifted so as to vary 
the valve timing. 

[0044] In the embodiment, the planetary gear mech- 
anism 10 reduces the speed such that the rotation angle 
in the phase shift of the camshaft 1 is smaller than that 
into which the axial direction movement is converted by 
sun gear. The speed is also reduced between the elec- 
tric motor 20 and the planetary gear mechanism 10. As 
a result, the drive force of the electric motor for gener- 
ating the rotational phase change becomes small, and 
an accuracy in controlling the rotational phase can be 
improved. 

[0045] The operation of the embodiment will be more 
specifically explained below. 

[0046] In the planetary gear mechanism 1 0, when the 
ratio of the teeth number of the sun gear 11 to the ring 
gear 14 is 1 : 3, the rotation number of the carrier 12 (or 
the camshaft 1 ) is reduced to be 3/4 in comparison with 
that of the ring gear 14 (or the cam pulley) under the 
condition of the sun gear 11 being fixed. Accordingly, 
since when the rotation number of the camshaft needs 
to be 1/2 of that of the crankshaft in a four-cycle engine, 
a pulley ratio (or diameter of crank pulley / diameter of 
cam pulley) needs to be 2/3. Thus, according to this ex- 
ample of the embodiment, the diameter of the cam pul- 
ley can be reduced, since the pulley ratio (or diameter 
of crank pulley / diameter of cam pulley) is 1/2 in the 
conventional engine. 

[0047] In this example, when the sun gear 1 1 is rotat- 
ed, the phase angle of the camshaft is shifted in 1/4 of 
the rotation angle of the sun gear. More specifically, 
when the sun gear 11 Is rotated in 4 degrees, the phase 
angle of the can shaft is shifted in 1 degree. 
[0048] Where a planetary gear ratio which is a ratio of 
sun gear rotation angle to carrier rotation angle is i p and 
a necessary phase shift angle is 9 0 , for example when 
i p is 4 and 6 0 is 30 degrees, the sun gear rotation angle 
is 6 o »1p = 120° . In the example of the embodiment, 
since the sun gear 1 1 is not rotated but moved in an axial 
direction, the sun gear 11 needs to be moved in the cer- 
tain distance which corresponds to 120 degrees of the 
rotation of the sun gear. 

[0049] Referring to Figure 5, when the diameter of the 
feeding thread 31 of the slide member 30 is D, the mov- 
ing distance of the slide member 30 is x, and the lead 
angle, which is an angle to the direction vertical to the 
axial direction, of the sun gear 11 is y B , the equation 1 
is obtained. 

x = k •□•(0 o V360° }»tan y B (1 ) 

For example when D=20mm and , y B is 50° and these 
values and 8 0 -i p = 120° are substituted in the equation 
1 , x=24.9 (mm) and therefore the movable distance of 



40 

the slide member 30 needs to be provided so as to ac- 
cept such moving distance. 

[0050] A spline angle is a slant angle to the camshaft 
direction. The spline angles of the slide member 30 and 
$ the electric motor 20 are provided to be larger than that 
of the sun gear 11 such that the speed is reduced be- 
tween the electric motor 20 and the planetary gear 
mechanism 10. By using a lead angle instead of the 
spline angle, when the lead angle y A of the feeding 
10 thread 31 is smaller than the lead angle y B of the sun 
gear, the speed is reduced and a helical gear ratio i h 
which corresponds to a speed reducing ratio is obtained 
by the equation 2. 

15 

i h = tany A /tany a (2) 

The lead angles y A and y B are preferably provided such 
that i h = 10. More specifically, when the lead angle y B 
20 of the sun gear 11 is 50° , the lead angle y A of the feed- 
ing thread 31 is provided to be 6.8° based on the equa- 
tion 2. 

[0051] Accordingly, when the helical gear ration \^ and 
the planetary gear ratio i p are thus provided, a gear ratio 

25 as a whole Is 1 : 40 and the speed is reduced such that 
the phase shift angle of the camshaft 1 becomes 1/40 
to the rotation of the rotor 23. Since the speed is reduced 
in a very large amount, a low torque and high-speed 
electric motor can be efficiently employed, and the res- 

30 olution of the phase control can be high. For example, 
when a step motor with a 1 .8° step angle is used, a res- 
olution is 0.09° in the crank angle and 0.045° in the cam 
angle. 

[0052] Even when the electric motor 20 is stopped, a 
35 thrust force is applied to the slide member 30 by a re- 
action force from the camshaft 1 during an operation of 
the engine, and a rotational force corresponding to the 
thrust force is applied to the rotor 23. At this time, if the 
lead angle y A of the feeding thread 31 is provided to be 
40 small enough, the friction force maintains the rotor 23 
so as not to be rotated by the reaction force. 
[0053] Namely, as shown in Figure 6, when a thrust 
force P is applied to the slide member 30, a rotational 
force applied to the cylindrical surface of a pitch of the 
45 feeding thread 31 is P»sin y A> and when a slant angle of 
the teeth surface in a cross section of the feeding thread 
31 is a, a vertical component P n of the force applied to 
the teeth surface of the feeding thread 3 1 is obtained by 
the equation 3. 

50 

P n = P *cos y A *cos a (3) 

Therefore, when a friction coefficient is \l, the friction 
55 force is obtained by the equation 4. 
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\l *P n = u. •P^cosy A *cos a (4) 

When the friction force is balanced with the rotational 
force, the rotor 23 maintains a stop condition, and this 
relationship is expressed by the equation 5. 

P»siny A -p.»P»cos y A *cos a =0 



Tan y A = u, ■ cos a (5) 

[0054] Since generally \i is nearly equal to 0.15 and 
a is nearly equal to 20° , y A becomes nearly equal to 
8.0° and the rotor 23 is maintained to be stopped when 
the lead angle of the feeding thread 31 is less than this 
value. 

[0055] Here, when the lead angle y A of the feeding 
thread 31 is 6.8° such that the lead angle y B is 50° and 
the helical gear ratio ih is 10, the condition for maintain- 
ing the rotor 23 to be stopped is satisfied. 
[0056] Next, a second embodiment of the present in- 
vention will be explained with reference to Figures 7 and 
8. Figures 7 and 8 show a second embodiment of the 
present invention. In the second embodiment, a plane- 
tary gear mechanism 50 for connecting an input mem- 
ber with an output member has as same structure as 
that shown in the first embodiment in Figures 1-4. 
Namely, the planetary gear mechanism 50 includes a 
sun gear 51, a carrier 52 supporting a plurality of plan- 
etary gears 53, and a ring gear 54. These three compo- 
nents of the sun gear 51 , the carrier 52 and the ring gear 
54 are rotatabiy co-axially arranged each other. The 
cam pulley 3 is connected with the ring gear 54, and the 
carrier 52 is secured to the end of the camshaft 1 . 
[0057] In the second embodiment, the sun gear 51, 
the planetary gears 53 and the ring gear 54 are all made 
out of spur gears. Further, the sun gear 51 is rotatabiy 
provided around the sleeve 55c which is secured to the 
camshaft 1 by a shaft body 55. 
[0058] An electric motor 60 which is a phase shift drive 
means has as same structure as that shown in Figures 
1-4 and includes a stator 61 on which a stator coil 62 is 
wound and a rotor 63 with a permanent magnet 64. The 
stator 61 is shaped to be cylindrical and is fixed to the 
casing which is connected through the bracket with the 
engine body. In the second embodiment, a secondary 
planetary gear mechanism 70 is arranged between the 
electric motor 60 and the planetary gear mechanism 50. 
The secondary planetary gear mechanism 70 also in- 
cludes a sun gear 71 , a carrier 72 supporting a plurality 
of planetary gears 73, and a ring gear 74. The sun gear 
71 is connected with the rotor 63, the carrier 72 is con- 
nected with the sun gear 5 1 of the planetary gear mech- 
anism 50, and the ring gear 74 is secured to the engine 
body. 
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[0059] In the second embodiment, the rotational 
phase of the camshaft 1 is shifted by the rotation of the 
rotor 63 of the electric motor 60, and the rotation of the 
rotor 63 is reduced in a large amount by the secondary 

5 planetary gear mechanism 70 and then transmitted to 
the planetary gear mechanism 50. Therefore, a low 
torque and high speed motor can be used, and an ac- 
curacy in controlling the rotational phase can be im- 
proved. Further, the motor 20 and the planetary gear 

io mechanisms 50 and 70 can be coaxially installed with 
a compact space. These advantageous effects are as 
same as those of the first embodiment. 
[0060] In the first embodiment, the lead angles of the 
feed threads 31 and 32 are provided to be small so as 

15 to maintain the rotor 23 against the reaction force from 
the camshaft during the motor 20 being stopped. How- 
ever, since the second embodiment is not provided with 
such feeding threads, the second embodiment does not 
include such structure. Therefore, in the second embod- 

20 iment, there is provided an electromagnetic clutch (or 
clutch means) 80 on the electric motor 60. 
[0061] The electromagnetic clutch 80 includes a pair 
of friction plates 82 and 83 provided on the fixed side 
and the rotor 63, and a solenoid 81 for connecting and 

25 separating the friction plates 82 and 83. When the elec- 
tric motor 60 is stopped, the solenoid is operated to con- 
nect the friction plates 82 and 83 each other such that 
the rotor 63 is maintained to be stopped. 
[0062] Here, the first embodiment, where the speed 

30 reducing mechanism has the structure shown in Figures 
1-4, may be provided with an electromagnetic clutch 
when the friction resistances of the feeding threads 31 
and 32 are not enough to maintain the rotor 23 being 
stopped. 

35 [0063] In the present invention, a hydraulic motor may 
be used instead of the electric motor 20, 60 each of 
which is a phase shift drive means. In this variation, the 
hydraulic motor includes a casing defining a pressure 
chamber and a rotor installed within the casing. The cas- 

40 ing is connected through a bracket with an engine body, 
and the rotor is connected through a speed reducing 
mechanism with the sun gear 11, 51 of the planetary 
gear mechanism 10, 50 for connecting the input mem- 
ber with the output member. 

45 [0064] In the present invention, the rotor may be di- 
rectly connected with the sun gear. In this variation, a 
speed reducing mechanism as shown in the above em- 
bodiments is preferably provided between the two in or- 
der to reduce the driving torque of the motor and to im- 

50 prove the accuracy in controlling the rotational phase. 
[0065] In the present invention, an input member (or 
the cam pulley) may be connected with the carrier, and 
an output member (or the camshaft) may be connected 
with the ring gear. On the other hand, in the above-men- 

55 tioned embodiments, the input member or the cam pul- 
ley is connected with the ring gear and the output mem- 
ber or the cam shaft is connected with the carrier. The 
diameter of the pulley in the embodiments is advanta- 
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geously smaller than that of the variation. 
[0066] A third embodiment of the present invention 
will be explained with reference to Figures 9-13. 
[0067] Figure 9 is a schematic view of an apparatus 
for controlling a rotational phase according to a third em- 
bodiment of the present invention. In the embodiment 
shown in Figure 9, the apparatus for controlling a rota- 
tional phase is also applied to a variable valve timing 
apparatus which is installed into a valve drive mecha- 
nism of an automotive engine. A reference numeral 101 
designates a camshaft which is rotatabty supported by 
an engine body (not shown) and operates valves to be 
open and close by its rotation. A cam pulley 102 which 
is a timing pulley or a pulley with tooth is located around 
the end of the camshaft 101 and connected through a 
timing belt 103 with a crank pulley (not shown) attached 
on the end of a crankshaft (not shown). 
[0068] A planetary gear mechanism 110 and an elec- 
tric motor 130 which is a phase shift drive means are 
installed on the end of the camshaft 101 co-axially with 
both the camshaft 101 and the cam pulley 102. 
[0069] The planetary gear mechanism 110 includes a 
sun gear 1 1 1 , a planetary carrier 112 (herein after called 
carrier) supporting a plurality of planetary gears 113, 
and a ring gear 114. These three components of the sun 
gear 111, the carrier 112 and the ring gear 114 are ro- 
tatabty co-axially arranged each other. The cam pulley 
102 is connected with the ring gear 114, and the carrier 
112 is secured to the end of the camshaft 101. 
[0070] The electric motor 130 includes a stator 131 
and a rotor 133. The stator 131 is fixed through a casing 
135 and a bracket 104 to the engine body. The rotor 133 
is connected through a speed reducing mechanism with 
a sun gear 111 of the planetary gear mechanism 110. In 
the embodiment, the speed reducing mechanism in- 
cludes a slide member 144 which is movable along the 
axial direction, and the sun gear 111 is connected with 
the slide member 144. As explained hereinafter in detail, 
the rotation of the rotor 133 is converted into the move- 
ment of the slide member 144 in the axial direction. Then 
the axial direction movement of the slide member 144 
is further converted into the rotation and transmitted to 
the planetary gear mechanism 110 by helical gears pro- 
vided on the sun gear 11 and the like. 
[0071] The rotational phase control applied to the var- 
iable valve timing apparatus will be explained in detail. 
As shown in Figure 10, the carrier 112 of the planetary 
gear mechanism 1 1 0 is provided with a through hole 116 
having a small diameter portion 116a and a large diam- 
eter portion 116b extending in an axial direction or a front 
and rear direction. The large diameter portion 116b of 
the through hole 116 is fitted onto the end of the cam- 
shaft 101 . The carrier 112 is provided with a plurality of 
bolt holes 117 around the small diameter portion 116a. 
Bolts 1 8 are inserted into the bolts holes 1 1 7 and thread- 
ly engaged with thread holes 1 1 9 formed in the camshaft 
101 such that the carrier 112 is connected with the cam- 
shaft 101. Thus, the carrier 112 is connected with the 



camshaft 101 with the carrier 112 being fitted onto the 
camshaft 101, and therefore the carrier 1 1 2 is positioned 
in the center of the camshaft 101. 
[0072] The bolt holes 1 17 are, as shown in Figure 1 1 , 
5 located around the small diameter portion 11 6a between 
the respective planetary gears 113. Thus, since the car- 
rier 112 is connected with the camshaft 101 using spac- 
es between the respective planetary gears 113, a com- 
pact connection between the carrier 112 and the cam- 
to shaft 101 can be obtained. 

[0073] The cam pulley 102 is arranged on the outer 
circumference of the carrier 112 and rotatably supported 
through two front and rear bearings 120a and 120b by 
the outer surface of the carrier 112. The ring gear 114 
* 5 is integrally connected with the front end of the cam pul- 
ley 102, and the ring gear 114 is meshed with the plan- 
etary gears 113. 

[0074] Referring to Figure 10, the rear end of the ring 
gear 1 1 4 is fitted into the front end of the cam pulley 1 02, 

20 and then the cam pulley 102 and the ring gear 114 are 
connected each other through a flange 121 which is pro- 
vided on the outer circumference of the ring gear 114. 
Specifically, bolts 123 are inserted from the front side 
into bolt holes 1 22 formed on the flange 121 and thread- 

25 |y engaged with thread holes 1 24 formed in the cam pul- 
ley 102, and then the ring gear 1 14 is integrally connect- 
ed with the cam pulley 102. Since the ring gear 114 is 
connected with the cam pulley 102 with the ring gear 
114 being fitted into the cam pulley 102, the ring gear 

30 1 1 4 is positioned in the center of the carrier 112 through 
the cam pulley 102 and the bearings 120a and 120b. As 
a result, the ring gear 114 can be fitly meshed with the 
planetary gears 113. 

[0075] Collars 126 and 127 are formed on the inner 
35 surface of the cam pulley 102 and the outer surface of 
the carrier 112. The axial movement of the bearings 
120a and 120b is restricted by the collars 126 and 127, 
the end portion 114a of the ring gear 114 and washers 
(intermediate members) 1 28 fasted together by the bolts 
40 118. Specifically, the collar 126 is projected on the rear 
end of the earner 112 and the collar 127 is projected on 
the center in the front and rear direction of the cam pulley 
102. The rear side bearing 120b is provided between 
these collars 126 and 127, and therefore the axial move- 
rs ment of the bearing 120b is restricted. The front side 
bearing 120a is provided between the collar 127, the 
end portion 114a of the ring gear 114 and the washers 
128, and therefore the axial movement of the bearing 
120a is also restricted. 
50 [0076] A seal member 1 57 is fitted into the inner sur- 
face of the front end (connecting portion) 114b of the 
ring gear 114, and the rear end of the electric motor 1 30 
is fitted into the inner side of the seal member 157. 
[0077] The electric motor 130 includes a stator 131 
55 on which stator coils 1 32 for generating a magnetic field 
are wound and a rotor 133 having permanent magnets 
134. The stator 131 which is formed to be a ring is se- 
cured by bolts and the like to a casing 135 which is con- 
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flected through a bracket 104 with the engine body. As 
shown in Figure 12, three Hall elements 155a-155c are 
arranged between the adjacent stator coils 132. The 
Hall elements 155a-155c detect the magnetic poles of 
the permanent magnets 1 34 which rotate together with 
the rotor 133. The rotation angle of the rotor 133 is thus 
detected by the Hall elements 155a-155c sequentially 
detecting the magnetic poles of the magnets 134. 
[0078] The rotor 1 33 is installed in an Inner side of the 
stator 131. The front and rear ends of the rotor 133 are 
respectively connected through thrust bearings 137a 
and 137b with the casing 135 and the carrier 112 such 
that the rotor 133 is rotatably supported in the inner cir- 
cumference side of the stator 1 31 . 
[0079] Referring to Figure 10, the rotor 1 33 is integral- 
ly provided with a bearing supporting portions 133a and 
133b for the bearings 137a and 137b. The supporting 
portions 133a and 133b respectively includes support- 
ing surfaces 138 for supporting the bearings 137a and 
137b. The carrier 112 and the casing 135 are respec- 
tively provided with a washer 136 and a ring member 
139 both of which work as supporting portions for the 
bearings 137a and 137b. The washer 136 and the ring 
member 139 include inner circumference supporting 
members 136a and 139a for the bearings 137a and 
137b. Namely, the respective bearings 137a and 137b 
are supported with the bearings being fitted into the sup- 
porting surfaces and members 138 and 136a and 139b, 
and therefore the rotor 133 is positioned at its center 
through the bearings 1 37a and 1 37b. As a result, a prop- 
er air gap can be obtained between the stator 131 and 
the permanent magnets 1 34. 

[0080] The ring member 1 39 is secured to the casing 
135 by a knock pin or the like. The washer 136 is at- 
tached to the carrier 112 by being fitted with pressure 
into the supporting shafts of the planetary gears 113. 
Thus, the rotor 133 is positioned at its center with high 
accuracy. In order to avoid leakage of magnetic flux, the 
supporting portion 133a and 133b of the rotor 133, the 
washer 136, the ring member 139 and the like are made 
out of non-magnetic material such as aluminum. 
[0081] Referring to Figure 9, a shaft body 142 is pen- 
etrated into the rotor 133 and is provided co-axially with 
the camshaft 101. The front end of the shaft body 142 
is supported by the casing 135, and the rear end of the 
shaft body 142 is penetrated into the carrier 1 1 2 through 
the through hole 116 and supported by the camshaft 
101. Namely, the casing 1351s provided with the through 
hole 151 having a diameter portion 151a and a small 
diameter portion 151b, and the shaft body 142 is insert- 
ed into the through hole 151 . The shaft body 142 is pro- 
vided with a collar 143 at the front portion thereof, and 
the collar 143 is inserted into the large diameter portion 
151a. Friction plates 152 are respectively positioned on 
the front and rear sides of the collar 143. A cover plate 
1 53 is attached onto the front end of the casing 1 55. The 
collar 143 is sandwiched through the friction plates 152 
between the cover plate 153 and the casing 135 such 



that the front end of the shaft body 142 is prohibited from 
rotating to the casing 135. On the contrary, the rear end 
of the shaft body 142 is inserted into the recess portion 
101a and is supported through a bush 154 so as to ro- 

5 tate to the camshaft 101. 

[0082] The front end of the shaft body 142 projects 
outside through an opening 153 of the cover plate 153, 
and the projected portion of the shaft body 142 works 
as an oil inlet portion. Namely, the shaft body 142 is pro- 

10 vided with a passage 142a therein for supplying lubri- 
cating oil to a portion between the shaft body 142 and 
the slide member 1 44 and/or a portion between the shaft 
body 142 and the bush 154. The lubricating oil is sup- 
plied through the oil inlet portion to the passage 142a. 

15 [0083] The cylindrical slide member 144 is arranged 
on the outer circumference of the shaft body 142. 
Splines 145 or serrations are correspondingly formed in 
an axial direction on the outer circumference of the shaft 
body 142 and the inner circumference of the slide mem- 

20 ber 144. By the engagement of the splines 145, the slide 
member 144 can move in the axial direction or the front 
and rear direction under the condition that its rotation is 
prohibited. 

[0084] A feeding thread 146 like a helical spline is 

25 formed on the outer circumference of the front portion 
of the slide member 144. The rotor 133 is provided with 
a thread 147 formed on the inner circumference thereof 
On the other hand, the rear portion of the slide member 
144 is located in the center of the planetary gear mech- 

30 anism 110, and the sun gear 1 1 1 is formed integrally on 
the outer circumference of the rear portion of the slide 
member 144. The sun gear 111 , the respective planetary 
gears 113 meshed with the sun gear 111 and the ring 
gear 114 meshed with the planetary gears 113 are all 

35 helical gears. 

[0085] Referring to Figure 13, in the slide member 
144, the slant angle of a helical groove or the lead angle 
a of the feeding thread 146, which is an angle to the axis 
vertical to the axial direction of the slide member 144, is 

40 provided to be smaller than the slant angle of a helical 
groove or the lead angle p of the sun gear 111 . Accord- 
ingly, the rotation of the rotor 1 33 is reduced and trans- 
mitted to the planetary gear mechanism 110, and the 
stopping condition of the rotor 133 can be maintained 

4£ against a thrust force applied from the camshaft side to 
the slide member 144 when the electric motor 130 is not 
driven to be stopped. 

[0086] The electric motor 130 is controlled by a con- 
troller (not shown) which totally controls the engine. 

60 Namely, rotational phases of the camshaft 101 are de- 
termined in advance such that optimal valve timings can 
be obtained according to the driving conditions. And the 
controller controls the current applied to the stator coil 
132 of the motor 130 such that the rotational phase of 

55 the camshaft 101 is shifted according to the driving con- 
ditions. During the control operation, based on the mag- 
netic pole detection by the Hall elements 155a-155c of 
the electric motor 130, the rotation angle of the motor 
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133 is obtained. As a result, the present cam angle is 
detected and the rotational phase is adjusted. 
[0087] In operation, during a non-phase-shifting op- 
eration, the electric motor 130 is stopped and the sun 
gear 111 of the planetary gear mechanism 110 is fixed. 
As a result, the cam pulley 102, the ring gear 114 con- 
nected with the cam pulley 102 and the camshaft 101 
connected with the carrier 112 are all together rotated 
with a speed ratio. The speed ratio is determined by the 
gear ratio of the ring gear 114 and the planetary gears 
113. Further, a pulley ratio of the crank pulley and the 
cam pulley 102 is predetermined taking into considera- 
tion of the speed ratio. Thus, the camshaft 101 rotates 
with a predetermined speed ratio against the crankshaft. 
[0088] During a phase-shifting operation, the rotor 
133 of the electric motor 130 is rotated, the rotation of 
the rotor 133 is converted into the axial direction move- 
ment of the slide member 144 and the sun gear 111 by 
the feeding threads 146 and 147. Then, the axial direc- 
tion movement of the slide member 144 and the sun 
gear 111 is converted into the rotation force by the hel- 
ical gears including the sun gear 111 and the like such 
that the rotation force is applied from the sun gear 111 
to the planetary gears 113. Accordingly, the speed ratio 
between the ring gear 114 and the carrier 1 1 2 is changed 
in comparison with the condition of the sun gear 111 be- 
ing fixed, and, as a result, the rotational phase of the 
camshaft 101 is shifted so as to vary the valve timing. 
[0089] The rotational phase control apparatus of the 
third embodiment includes two units which is a first unit 
and a second unit. The first unit includes the cam pulley 
102, the carrier 112 and the ring gear 114 all of which 
are connected and fixed to the camshaft 101. The sec- 
ond unit includes the casing 1 35, the electric motor 1 30, 
the shaft body 142, the slide member 144 and the like. 
The electric motor 130, the shaft body 142, the slide 
member 144 and the like are attached to the casing 135. 
The second unit is connected and fixed through the 
bracket 104 to the engine body. Accordingly, each of the 
first and second units are at first sub-assembled, and 
then the respective first and second units are installed 
into the engine. 

[0090] In the assemble of the first unit, for example, 
the bearing 120b, the cam pulley 102, the bearing 120a 
and the washer 36 are sequentially assembled to the 
carrier 112 to which the planetary gears have not been 
assembled. Thereafter, the ring gear 114 is fitted into 
and secured to the cam pulley 102. Then, the planetary 
gears 113 and the washer 136 are assembled and then 
the bearing 1 37b is finally assembled. Thus, the first unit 
is obtained in which the cam pulley 102 and the ring gear 
114 are rotatably supported outside of the carrier 112 
and the through hole 116 in which the sun gear 111 is 
received is provided. 

[0091] In the assemble of the second unit, at first, the 
ring member 139, the bearing 1 37a and the electric mo- 
tor 130 are sequentially assembled to the casing 135. 
Thereafter, the shaft body 142 is inserted into the casing 



135 through the through hole 151 and the friction plate 
152 and the cover plate 153 are attached. At this time, 
the cover plate 153 is temporally attached. At the end, 
the slide member 144 is inserted into the shaft body 142 

5 and the feeding thread 146 of the slide member 144 is 
threadly engaged with the thread 147 of the rotor 133. 
Thus, the second unit is obtained. 
[0092] When the rotational phase control apparatus 
is assembled to the engine body, at first, the first unit is 

10 attached to the camshaft 1 01 . Specifically, the front end 
of the camshaft 101 is inserted into the through hole 116 
of the carrier 112 and the first unit is attached to the end 
of the camshaft 101. Thereafter, carrier 112 is secured 
through the bolts 118 to the camshaft 101. 

15 [0093] Afterthe attachment of the first unit, the second 
unit is attached to the camshaft 101 and the first unit. 
Specifically, the front end (the right end in Figure 9) of 
shaft body 142 is inserted through the through hole 116 
of the carrier 112 into the recess portion 101a of the 

20 camshaft 101. And the second unit is integrated with the 
first unit with the sun gear 111 of the slide member 144 
being meshed with the planetary gears 1 1 3. At this time, 
the seal member 157 is attached in advance to the front 
end of the ring gear 114, and, in the integration of the 

25 two units, the rotor 133 is fit into the bearing 137a and 
the seal member 157. Afterthe second unit is integrated 
with the first unit, the casing 1 35 is secured to the brack- 
et 104. 

[0094] After the respective first and second units are 
30 attached to the engine body, the rotational phase is ini- 
tially adjusted by rotating the rotor 133, the cam pulley 
102 and the shaft body 142. At this time, since the cover 
plate 153 is removed from the casing 135 such that the 
collar 143 Is not sandwiched by the friction plates 152, 
35 both the shaft body 142 and the slide member 144 are 
integrally rotatable with respect to the casing 135. Thus, 
the initial adjustment of the rotational phase can be ini- 
tially adjusted. 

[0095] In the third embodiment, a plurality of elongat- 
40 ed adjustment holes 156 are provided around the 
through hole 151 in the casing 135. The rotor 133 can 
be rotated by the tools or the like which are inserted into 
the adjustment holes 1 56. 

[0096] After the initial adjustment of the rotational 
45 phase, the cover plate 1 53 is secured to the casing 1 35 
such that rotation of the shaft body 142 and the slide 
member 144 to the casing 135 is restricted. Thus, the 
initial adjustment is over and the assemble of the rota- 
tion phase control apparatus is completed. 
50 [0097] According to the third embodiment, since the 
planetary gear mechanism 110 is employed, the appa- 
ratus can be downsized. 

[0098] Further, the rotational phase control apparatus 
is provided with the first unit, which includes the cam 
55 pulley 102, the carrier 112, the ring gear 114 and the 
like, and the second unit, which includes the electric mo- 
tor 130, the shaft body 142, the slide body 144 and the 
like. Therefore, the apparatus can be easily assembled 
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to the engine body with the first and second units being 
integrated. As a result, according to the embodiment, a 
compactness of the apparatus and a good assemble 
property can be obtained. 

[0099] A good maintenance property can be also ob- 5 
tained, since the first and second units can be respec- 
tively removed when the maintenance is necessary. For 
example, when the timing belt 103 is attached or re- 
moved, the belt 103 can be easily attached or removed 
to or from the cam pulley 1 02 just by attaching or remov- 
ing the second unit even if the electric motor is so large 
to be an obstacle. Accordingly, in comparison with the 
conventional apparatus in which many components 
must be sequentially assembled, the apparatus of the 
embodiment has a much better maintenance property. 
[0100] In the third embodiment, as explained above, 
the carrier 112 is connected with the camshaft 101 with 
the camshaft 101 being fit into the carrier 112. However, 
instead of this construction, the carrier 112 may be con- 
nected with the camshaft 1 01 with the camshaft 101 be- 
ing just contacted with the earner 112. In the case that 
the carrier 112 is connected with the camshaft 101 with 
the camshaft 101 being fit into the carrier 112, the carrier 

112 becomes longer in an axial or front and rear direc- 
tion for the fitting portion of the camshaft 101. As a re- 
sult, by utilizing the longer carrier 1 1 2, a plurality of the 
bearings 120a and 120b for supporting the cam pulley 
1 02 on the carrier 112 can be attached in series. Accord- 
ingly, the carrier 112 can be easily positioned at its cent- 
er, and enough bearings can be attached. 
[0101] Next, a fourth embodiment of the present in- 
vention will be explained with reference to Figure 14. In 
the first unit of the third embodiment, the cam pulley 1 02 
is rotatably provided on the outer circumference of the 
carrier 112 and the ring gear 114 is attached with the 
front end of the cam pulley 102. On the contrary, in the 
fourth embodiment, the ring gear 1 14 and the earner 112 
are exchanged each other In an inner and outer direc- 
tion. There will be explained only the different structures 
between the third embodiment and the fourth embodi- 
ment with reference to Figure 14. 
[0102] The ring gear 114 is integrally provided with a 
through hole 160 for receiving the camshaft. The front 
end of the camshaft 101 is fitted into the rear side of the 
through hole 160, and the ring gear 114 is secured to 
the camshaft 101. The cam pulley 102 is attached on 
the outer circumference of the through hole 160 of the 
ring gear 114, and the cam pulley 102 is rotatably sup- 
ported through the bearings 120a and 120b by the ring 
gear 114. Further, the carrier 112 is connected with the 
front end of the cam pulley 102, and the planetary gears 

113 supported by the the carrier 112 are meshed with 
the ring gear 114 and the sun gear 111. 
[0103] According to the fourth embodiment, during 
the non-phase shifting operation, the sun gear 111 of 
the planetary gear mechanism 110 is fixed, the cam pul- 
ley 102, the planetary gears 113 of the carrier 112 sup- 
ported by the cam pulley 102, and the ring gear 114 are 



all rotated. Thus, the camshaft 101 is rotated with a pre- 
determined speed ratio to the crankshaft. 
[0104] During the phase shifting operation, the rotor 
133 of the electric motor 1 30 is rotated and the rotation 
of the rotor 133 is converted into the axial direction 
movement of the slide member 144 and the sun gear 
111. Then the rotation force is applied from the sun gear 
111 to the planetary gears 113. Thus, the speed ratio of 
the ring gear 114 to the carrier 112 is changed. In com- 
parison with the case of sun gear 111 being fixed, such 
that the rotational phase of the camshaft 101 is changed 
to change the valve timing. 

[01 05] The apparatus shown in Figure 14 is function- 
ally as same as that shown in Figure 9. However, the 
apparatus in Figure 9 is more advantageous in a size or 
a space than that in Figure 14. Namely, the bearings 
120a and 120b and the earner 112 are provided on the 
outer circumference of the ring gear 114 in the appara- 
tus of Figure 14, and the cam pulley 102 is only provided 
on the outer side of the ring gear in the apparatus of 
Figure 9. Accordingly, if the sun gear 111, the planetary 
gears 13 and the ring gear 114 employ the same struc- 
tures in the both apparatus, the apparatus of Figure 9 is 
smaller in a radius direction than that of Figure 14. 
[01 06] Next, a fifth embodiment of the present inven- 
tion will be explained with reference to Figures 9, 13, 15 
and 16. A DOHC engine is provided with intake valves 
and exhaust valves both valves are operated by respec- 
tive camshafts. In case that a rotational phase control 
apparatus is applied to the DOHC engine, the appara- 
tuses are applied to the respective camshafts operating 
the intake and exhaust valves. 
[0107] In the fifth embodiment, the rotational phase 
control apparatus applied to the camshaft of the intake 
valves employs the structures shown in Figures 9 and 
13, and the apparatus applied to the camshaft of the ex- 
haust valves employs the structures shown in Figures 
9 and 15. In the apparatus of the intake side, an initial 
adjustment is carried out such that the front end of the 
slide member 144 is contacted with the stopper 135a of 
the casing 135 when the intake valve timing is mostly 
retarded as shown in Figure 13. On the other hand, as 
shown in Figure 15, the apparatus of the exhaust side 
is provided with a sun gear 111' and planetary gears 113' 
both of which have helical structures whose slant angles 
are opposite to those of Figure 13. In the apparatus of 
the exhaust side, an initial adjustment is carried out such 
that the front end of the slide member 144' is contacted 
with the stopper 135a of the casing 135 when the ex- 
haust valve timing is mostly advanced as shown in Fig- 
ure 15. 

[0108] According to the fifth embodiment, an over- 
lapped period of the exhaust valve and the intake valve 
shown in Figure 16 can be shortened most under the 
initial adjustment condition and therefore a burning of 
fuel can be stabilized at the start of the engine or the 
like. Further, since the respective slide members 144 
and 144' of the intake side and the exhaust side are pro- 
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vided so as to contact with the fixed stopper 135a, the 
abrasion of the slide members 144 and 144* can be ad- 
vantageously avoided. Namely, suppose the slide mem- 
bers 1 44 and 1 44' are provided so as to contact with the 
camshaft (or the rear side of the engine) In the initial « 
adjustment In this case, abrasions of the slide members 
144 and 144' and the camshaft 101 possibly occur be- 
cause of the rotation of the camshaft 101 . However, the 
abrasions can be avoided by employing the structures 
shown in Figures 13 and 15. 10 
[0109] In the embodiments of the present invention, 
the electric motor 130 is employed as a drive source. 
The apparatus, in which the initial adjustment is carried 
out, has a specific advantageous effect when the elec- 
tric motor is employed (see Figures 13 and 15). is 
[0110] Namely, the overlapped period of the intake 
valve and the exhaust valve needs to be most shortened 
at the starting or idling time of the engine. Therefore, in 
the respective rotational phase control apparatuses, the 
initial adjustment conditions need to be maintained at 20 
the starting or idling time. However, in the apparatus of 
the exhaust side where the valve timing is most ad- 
vanced at the initial adjustment condition, the slide 
member 144" tends to move toward the retard direction 
by the reaction force from the valves during the engine 25 
operation, and this phenomenon needs to be avoided. 
Regarding this, the rotational phase control apparatus 
with the electric motor 1 30 can surely avoid such move- 
ment of the slide member 144' just after the starting of 
the engine by driving the motor 1 30. Suppose that a hy- 30 
draulic motor is employed instead of the electric motor 
as a driving source. In this case, such movement of the 
slide member can not be avoided since the hydraulic 
pressure needs a certain time to be raised enough. Ac- 
cordingly, in the apparatus in which such initial adjust- 35 
ment is necessary, providing an electric motor as a driv- 
ing source is advantageous. 

[0111] A sixth embodiment of the present invention 
will be explained with reference to Figure 17. In the sixth 
embodiment, a ball bearing 162 is employed instead of *Q 
the thrust bearing 137a at the front side of the rotor 133. 
According to the embodiment, the movement of the rotor 
133 in the radius direction is restricted by the ball bear- 
ing 162. Therefore, the phenomenon that rotor 133 is 
drawn in the radius direction by the magnetic force of 45 
the permanent magnets 134 and the rotor 133 is forced 
to be not positioned at its center can be avoided. Further, 
the ball bearing 1 62 can restrict the thrust force and can 
properly receive the axial force including the reaction 
force from the camshaft 101. Moreover, since the inner so 
ring 163 and the outer ring 164 of the ball bearing 162 
respectively contact with the casing 135 and the rotor 
133, the rotor 133 is thus positioned at its center corre- 
sponding to the center of the casing 135. As a result, 
the rotor 133 can be positioned with high accuracy and 55 
the abrasions of the supporting portions can be reduced. 
The increase of the friction toss can be reduced between 
the threads 146 and 147. As a result, the power for ro- 
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tating the motor and the like can be reduced. 
[0112] Although the present invention has been ex- 
plained with reference to specific, preferred embodi- 
ments, one of ordinary skill in the art will recognize that 
modifications and improvements can be made while re- 
maining within the scope of the present invention. The 
scope of the present invention is determined solely by 
appended claims. 



Claims 

1 . An apparatus for controlling a rotational phase com- 
prising: 

an input member (3) provided so as to be rotat- 
able with respect to a fixed side; 
an output member (1) co-axially provided with 
the input member so as to be rotatable with re- 
spect to the fixed side; 

a planetary gear mechanism (10) co-axially 
provided with the input member and the output 
member for connecting the input member with 
the output member, said planetary gear mech- 
anism including three elements which are a sun 
gear (11), a planetary carrier (12) supporting 
planetary gears (13) and a ring gear (14); 
drive means (20) connected with one of the 
three elements of the planetary gear mecha- 
nism for shifting a rotation phase, said drive 
means including two members (21, 23) wich 
are rotatable with respect to each other; and 
one of the input member and the output mem- 
ber being connected with the ring gear, the oth- 
er of the input member and the output member 
being connected with the planetary carrier; 
characterized by 

said two members of the drive means being co- 
axially provided with the planetary gear mech- 
anism (10), one of the two members (21) being 
secured to the fixed side and the other of the 
two members (23) being connected with the 
sun gear (11). 

2. An apparatus according to claim 1 , wherein said an- 
other member of the drive means is a rotor, and said 
apparatus further comprises speed reducing means 
provided between the rotor and the sun gear of the 
planetary gear mechanism, said rotor, sun gear and 
speed reducing means being all co-axially provid- 
ed. 

3. An apparatus according to claim 2, wherein said 
speed reducing means is movable in an axial direc- 
tion and includes a slide member which is provided 
so as to penetrate into the center of the rotor, the 
slide member and a corresponding portion of the 
rotor are respectively provided with feeding threads 
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for converting a rotation of the rotor into an axial 
movement of the slide member, the sun gear is at- 
tached to the slide member and includes a helical 
gear for converting the axial movement into a rota- 
tion, and the feeding threads and the helical gear 
respectively have lead angles such that a speed of 
the rotor is reduced and transmitted to the planetary 
gear mechanism. 

4. An apparatus according to claim 3, wherein said 
lead angles of the feeding threads are provided to 
be smaller than that of the helical gear and also pro- 
vided to be equal to or less than lead angles at 
which a rotation force, corresponding to a thrust 
force, and a friction force are balanced. 

5. An apparatus according to claim 2, wherein said ap- 
paratus further comprises a secondary planetary 
gear mechanism provided between the planetary 
gear mechanism and the drive means for reducing 
the speed of the rotor of the drive means and trans- 
mitting the reduced speed to the sun gear of the 
planetary gear mechanism. 

6. An apparatus according to any one of claims 1-5, 
wherein said apparatus further comprises clutch 
means for switching between a first condition and a 
second condition, said first condition being that the 
two members of the drive means are allowed to be 
rotatable with respect to each other and said sec- 
ond condition being that the two members of the 
drive means are not allowed to be rotatable with re- 
spect to each other, said clutch means being oper- 
ated such that the two members of the drive means 
are in the second condition when the drive means 
is stopped. 

7. An apparatus according to any one of claims 1-6, 
wherein said input member is a pulley connected 
through a transmitting member with a crankshaft of 
an engine, said output member is a camshaft for 
driving valves, the pulley and the camshaft are co- 
axiaily provided to be rotatable with respect to the 
fixed side which is an engine body, and the one of 
the two members of the drive means is secured to 
the engine body. 

8. An apparatus according to claim 7, wherein said 
pulley is connected with the ring gear of the plane- 
tary gear mechanism, and the camshaft is connect- 
ed with the planetary carrier of the planetary gear 
mechanism. 

9. An apparatus according to any one of claims 1-8, 
wherein said drive means is an electric motor, and 
the two members of the drive means are a stator 
with coils for generating a magnetic field and a rotor 
with a permanent magnet, said stator being secured 
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to the fixed side. 

10. An apparatus according to claim 9, wherein said 
electric motor is a step motor whose rotor is con- 

5 nected through the speed reducing means with the 
sun gear of the planetary ge8r mechanism. 

* 

11. An apparatus according to any one of claims 1-8, 
wherein said drive means is a hydraulic motor, and 

10 the two members of the drive means are a casing 
member which has a hydraulic chamber therein and 
a rotor located in the casing member. 

15 Patentanspruche 

1. Vorrichtung zur Steuerung einer Drehphase, um- 
fassend: 

20 ein Antriebsglied (3), das relativ zu einer fest- 

stehenden Seite drehbar angeordnet ist; 

ein Abtriebsglied (1), das koaxial zum Antriebs- 
glied relativ zur feststehenden Seite drehbar 
25 Weise angeordnet ist; 

ein Planetenradmechanismus (10), der koaxial 
zum Antriebsglied und zum Abtriebsglied ange- 
ordnet ist, um das Antriebsglied mit dem Ab- 
30 triebsglied zu verbinden, wobei dieser Plane- 

tenradmechanismus drei Elemente aufweist, 
die ein Sonnenrad (11), ein Planetentrager 
(12), der Planetenrader (13) tragt, und ein 
Zahnkranz (14) sind; 

35 

Antriebsmittel (20), die mit einem der drei Ele- 
mente des Planetenradmechanismus verbun- 
den sind, um eine Drehphase umzuschalten, 
wobei diese Antriebsmittel zwei Glieder (21, 
40 23) umfassen, die relativ zueinander drehbar 

sind; und 

das Antriebsglied oder das Abtriebsglied mit 
dem Zahnkranz verbunden ist, wahrend das 
45 andere Antriebsglied Oder Abtriebsglied mit 

dem Planetentrager verbunden ist; dadurch 
gekennzeichnet, dass 

die zwei Glieder des Antriebsmittels koaxial 
so zum Planetenradmechanismus (10) angeord- 

net sind, wobei eines der zwei Glieder (21) an 
der feststehenden Seite befestigt Ist und das 
andere der zwei Glieder (23) mit dem Zahn- 
kranz (11) verbunden ist 

55 

2. Vorrichtung nach Anspruch 1, wobei das andere 
Glied des Antriebsmittels ein Rotor ist und diese 
Vorrichtung au&erdem drehzahlreduzierende Mittel 
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umfasst, die zwischen dem Rotor und dem Sonnen- 
rad des Planetenradmechanismus angeordnet 
sind v wobei dieser Rotor, das Sonnenrad und die 
drehzahlreduzierenden Mittel alle koaxial angeord- 
net slnd. 

3. Vorrichtung nach Anspruch 2, wobei das drehzahl- 
reduzierende Mittel in einer axialen Richtung be- 
wegbar ist und ein Gleitelement umfasst, das so an- 
geordnet ist, dass es in das Zentrum des Rotors ein- 
dringt, das Gleitelement und ein entsprechender 
Abschnitt des Rotors Jewells mit Vorschubgewin- 
den versehen sind, urn eine Drehung des Rotors in 
eine Axialbewegung des Gleitelements umzuwan- 
deln, das Sonnenrad mit dem Gleitelement verbun- 
den ist und ein Schragstimrad umfasst, um die Axi- 
albewegung in eine Rotation umzuwandeln, und die 
Vorschubgewinde und das Schragstimrad jeweils 
solche Steigungswinkel aufweisen, dass eine Dreh- 
zahl des Rotors reduziert wind und an den Plane- 
tenmechanismus ubertragen wird. 

4. Vorrichtung nach Anspruch 3, wobei die Steigungs- 
winkel des Vorschubgewindes so vorgesehen sind, 
dass sie kleiner als der des Schragstirnrads sind 
und auch so, dass sie kleiner oder gleich den Stei- 
gungswinkeln sind, bei denen eine Rotationskraft, 
die einer Schubkraft entspricht, und eine Reibungs- 
kraft sich gegenseitig ausgleichen. 

5. Vorrichtung nach Anspruch 2, wobei die Vorrich- 
tung daruber hinaus einen Sekundarplanetenrad- 
mechanismus umfasst, der zwischen dem Plane- 
tenradmechanismus und dem Antriebsmlttel ange- 
ordnet ist, um die Drehzahl des Rotors des An- 
triebsmittels zu reduzieren und die reduzierte Dreh- 
zahl an das Sonnenrad des Planetenradmechanis- 
mus zu Obertragen. 

6. Vorrichtung nach einem der An sp ruche 1-5, wobei 
die Vorrichtung aufXerdem Kupplungsmittel um- 
fasst, um zwischen einem ersten Zustand und ei- 
nem zweiten Zustand umzuschalten, wobei der er- 
ste Zustand der ist, in dem die Drehung der zwei 
Glieder des Antriebsmittels relativ zueinander zu- 
gelassen wird, und der zweite Zustand der ist, in 
dem die Drehung der zwei Glieder des Antriebsmit- 
tels relativ zueinander nicht zugelassen wird, wobei 
diese Kupplungsmittel so betrieben werden, dass 
die zwei Glieder des Antriebsmittels im zweiten Zu- 
stand sind, wenn das Antriebsmittel gestoppt wird. 

7. Vorrichtung nach einem der Anspruche 1-6, wobei 
das Antriebsglied eine Riemenscheibe ist, die 
durch ein Obertragungselement mit einer Kurbel- 
weile einer Kraftmaschine verbunden ist, das Ab- 
triebselement eine Nockenwelle zur Ventilsteue- 
rung ist, die Riemenscheibe und die Nockenwelle 



koaxial angeordnet sind, um relativ zur feststehen- 
den Seite, die ein Kraftmaschine nkorper Ist, dreh- 
bar zu sein, und eines der zwei Glieder des An- 
triebsmittels am Kraftmaschinenkorper befestigt ist. 

5 

8. Vorrichtung nach Anspruch 7, wobei die Riemen- 
scheibe mit dem Zahnkranz des Planetenradme- 
chanismus verbunden ist und die Nockenwelle mit 
dem Planetentrager des Planetenradmechanismus 

10 verbunden ist. 

9. Vorrichtung nach einem der Anspruche 1-8, wobei 
das Antriebsmittel ein Elektromotor ist und die zwei 
Glieder des Antriebsmittels ein Stator mit Spulen 

15 zum Erzeugen eines MagnetfekJs und ein Rotor mit 
einem Permanentmagnet sind, wobei dieser Stator 
an der feststehenden Seite befestigt ist. 

1 0. Vorrichtung nach Anspruch 9, wobei der Bektromo- 
20 tor ein Schrittmotor ist, dessen Rotor durch das 

drehzahlreduzierende Mittel mit dem Sonnenrad 
des Planetenradmechanismus verbunden ist. 

11. Vorrichtung nach einem der Anspruche 1-8, wobei 
25 das Antriebsmittel ein Hydromotor ist und die zwei 

Glieder des Antriebsmittels ein Gehauseelement, 
das eine darin enthaltene hydraulische Kammer 
aufweist, und ein Rotor sind, der im Gehausee- 
lement angeordnet ist. 

30 

Revendications 

1. Equipement pour contrdler une phase angulaire 
35 comprenant : 

un organe d'entree (3) prevu pour pouvoir tour- 
ner par rapport a une face fixe ; 

^0 un organe de sortie (1) coaxial a I'organe d'en- 

tree, de facon a pouvoir toumer par rapport a 
la face fixe ; 

un train epicycioTdal (10) coaxial a I'organe 
45 d'entree et a I'organe de sortie, pour relier I'or- 

gane d'entree a I'organe de sortie, le train epi- 
cycioTdal comprenant trois elements qui sont 
un planetaire (11), un porte-satellites (12) sup- 
portant des pignons satellites (13), et une cou- 
50 ronne(14); 

un dispositif d'entratnement (20) connects a 
I'un des trois elements du train epicycioTdal en 
vue de decaler une phase angulaire, ledit dis- 
ss positif cTentraTnement comprenant deux ele- 
ments (21 , 23) pouvant toumer Tun par rapport 
a rautre ; 
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r un ou I'autre de I'o rgane d'entree e t de I'orga ne 
de sortie etant raccorde au porte-satellites ; ca- 
racterise par le fait que : 

les deux elements du disposltif d'entratne- 5 
ment sont coaxiaux au train epicycloidal 

(10) , que Tun (21) des deux elements est 7. 
fixe au cote fixe, et que I'autre (23) des 
deux elements est raccorde au planetaire 

(11) . w 

2. Equipement selon la revendication 1, dans lequel 
I'autre element du dispositif d'entratnement est un 
rotor, Pequipement comprenant encore un reduc- 
teur de vitesse prevu entre le rotor et le planetalre *5 
du train epicydoTdal, le rotor, le planetaire et le re- 
ducteur de vitesse 6tant tous disposes coaxiale- 8. 
ment. 

3. Equipement selon la revendication 2, dans lequel 20 
le reducteur de vitesse est mobile dans une direc- 
tion axial e et comprend un element coulissant pre- 9. 
vu pour pouvoir penetrer dans le centre du rotor, 
I'element coulissant et une partie correspondante 
du rotor sont respectivement pourvus d'un filetage 25 
d'avance pour convertir une rotation du rotor en 
mouvement axial de ('element coulissant, le plane- 
taire est fixe a I'element coulissant et comprend une 
roue helicoi'dale pour convertir le mouvement axial 
en rotation, et le filetage d'avance et la roue helicoT- 20 10. 
dale presentent respectivement des angles d'atta- 
que tels qu'une vitesse du rotor est reduite et trans- 
mise au train epicycloidal. 

4. Equipement selon la revendication 3, dans lequel 35 11. 
les angles d'attaque du filetage d'avance sont pre- 
vus pour etre plus petits que ceux de la roue heli- 
coTdale et prevus egalement pour etre egaux ou 
plus petit que des angles d'attaque dans le cas des- 
quels un effort de rotation correspondant a une for- *o 
ce de poussee, et un effort de frottement sont equi- 

libres. 

5. Equipement selon la revendication 2, comprenant 
encore un train epicycloidal secondare prevu entre 
le train epicycloTdat et le dispositif d'entratnement 
pour reduire la vitesse du rotor du dispositif d'en- 
tratnement, et pour transmettre la vitesse reduite au 
planetaire du train epicycloidal. 

so 

6. Equipement selon Tune des revendications 1-5, 
comprenant encore un dispositif d'embrayage pour 
passer d'une premiere situation a une deuxieme si- 
tuation, la premiere situation etant celle ou les deux 
elements du dispositif d'entratnement peuvent tour- 55 
ner I'un par rapport a I'autre, et la deuxieme situa- 
tion etant celle ou les deux elements du dispositif 
d'entratnement ne peuvent pas toumer I'un par rap- 



port a I'autre, le dispositif d'embrayage etant action- 
ne de fagon a ce que les deux elements du dispositif 
d'entratnement se trouvent dans la deuxieme situa- 
tion lorsque le dispositif d'entratnement est mis a 
I'arret. 

7. Equipement selon Tune des revendications 1-6, 
dans lequel I'organe d 1 entree est une poulie raccor- 
dee par un element de transmission a un vilebre- 
quin d'un moteur, I'organe de sortie est un arbre a 
carries commandant des soupapes, la poulie et I'ar- 
bre a cames sont coaxiaux pour pouvoir tourner par 
rapport a la face fixe qui est un bloc moteur, et I'un 
des deux elements du dispositif d'entratnement est 
fix6 au bloc moteur. 

8. Equipement selon la revendication 7, dans lequel 
la poulie est raccordee a la couronne du train epi- 
cydoTdal, et I'arbre a cames est raccorde au porte- 
satellites du train epicydoTdal. 

9. Equipement selon I'une des revendications 1-8, 
dans lequel le dispositif d'entratnement est un mo- 
teur electrique et les deux elements du dispositif 
d'entratnement sont un stator avec des bobinages 
pourgenerer un champ magnetique et un rotor avec 
un aimant permanent, ledit stator etant fixe a la face 
fixe. 

10. Equipement selon la revendication 9, dans lequel 
le moteur electrique est un moteur pas a pas dont 
le rotor est raccorde, par I'intermediaire du reduc- 
teur de vitesse, au planetaire du train epicydoTdal. 

11. Equipement selon I'une des revendications 1-8, 
dans lequel le dispositif d'entratnement est un mo- 
teur hydraulique, et les deux elements du dispositif 
d'entratnement sont un element carter comprenant 
une chambre hydraulique et un rotor loge dans rele- 
ment carter. 
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